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 Northwestern Louisiana sits atop a geothermal anomaly that stretches across Eastern 
Texas and into Southern Arkansas. Geothermal gradients are observed in this area that are 
greater than the Gulf Coast average of 22-26
o
C/km. South Bossier Parish, in particular, could be 
an ideal location for economic production of electricity by conventional geothermal or enhanced 
geothermal projects due to ideal geothermal production temperatures of 120-180
o
C at a relatively 
shallow depth of approximately 3-5 km. A localized geothermal of 35
o
C/km gradient was 
determined using bottom-hole temperatures (BHTs) from 147 wells. At approximately 3.2 km 
depth, temperatures of approximately 130
o
C within the geopressured sands of the Lower Cotton 
Valley are the best potential target. The Lower Cotton Valley is a tight, gas-bearing sand that is a 
target for hydrocarbon production by the oil and gas industry. With permeabilities averaging 1 
mD and porosities of 8%, this sand must be stimulated by hydraulic fracturing to prove 
economic. Moreover, little water is produced out of the formation (1 to 5 barrels per day). This is 
not economic for electricity generation by conventional geothermal energy generation. Enhanced 
geothermal systems production, such as methane generation and super-critical CO2 injection, 
could prove economic, but more research must be done. Deeper potential reservoirs, such as the 
Smackover and Eagle Mills formations, have been drilled within the study area, and could be 
potential resources upon further investigation. Geothermal energy production for generating 
electricity in South Bossier Parish, Louisiana is not economic at this time, but with further 




Every year the worldwide dependency on energy from hydrocarbons increases while the 
supply decreases. Alternative forms of energy are being pursued to ease this dependency, and 
also reduce the environmental impact of burning fossil fuels. Geothermal energy is a cost 
effective, environmentally friendly source of electricity (Tester et al., 2006). Hot water deep 
below the surface is pumped to the surface where the heat energy is used to drive turbines and 
create electricity. While geothermal energy was once thought to be a practical source of energy 
only in areas with volcanic or magmatic activity such as Iceland or Ecuador, more recent 
technological innovations allows for exploitation of cooler waters. Thus, the United States has 
the potential for 100 Gigawatt equivalents or more from Geothermal and Enhanced Geothermal 
Systems (EGS) production (Tester et al., 2006). Geothermal energy production uses hot 
groundwater in an existing reservoir to produce energy. EGS exploits reservoirs that have high 
heat content but low rock permeabilities and porosities and lack fluids, i.e. water, by stimulating 
the reservoir via fluid injection and hydrofracture (Tester et al., 2006). New technology, such as 
binary-cycle plants, allow for new geographic areas to be developed and explored. Because 
water at these temperatures is too cool for dry steam or flash steam power plants, binary-cycle 
plants permit these moderate temperature reservoirs to be efficiently utilized. In a binary-cycle 
plant hot water from the reservoir is run through a heat exchanger filled with a secondary fluid 
having a much lower boiling point than water, usually isobutene. The secondary fluid will then 
create steam, thus turning turbines and creating electricity. The produced water is then re-
injected into the reservoir to be reheated again, creating a closed-loop system.  
The western United States has been the location of primary interest for geothermal or 
EGS energy in the U.S. because of high temperatures from current or recent volcanic/tectonic 
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activity, but new studies in the late 1970s through the early 1990s sought the thick, 
“geopressured” sands of the Gulf Coast (Nagihara and Smith, 2008) as potential targets as a 
result of the high geothermal gradients associated with undercompacted sediments (John, 1991). 
 “Geopressure” is defined as pore pressure exceeding that of normal, hydrostatic pore 
pressure (Schlumberger Oil Field Glossary). This usually occurs in the Gulf of Mexico region 
because of rapid sedimentation rates, which slows the rate of fluid expulsion during normal 
compaction (Hart et al., 1995; Audet, 1996). Hydrocarbon generation can also generate 
geopressure (Barker, 1990).  Geopressured sands are undercompacted and have lower thermal 
conductivities, which act as insulation resulting in higher temperature gradients for a given heat 
flux (Mello and Karner, 1996). A higher geothermal gradient is advantageous for geothermal 
production because hot fluids exist at shallower depths. Also, under some circumstances 
undercompacted sediment is more permeable (Nagiahara and Smith, 2008), and with increased 
pore pressure comes increased flow rates. Increased flow rate permits for more rapid energy 
generation of electricity to be produced as water is pumped through the system. For geothermal 
production, sustainable water flow rates must be between 1,000 to 5,000 gallons per minute 
(McKenna et al., 2005). It also permits for the moderate temperature reservoirs of the Gulf of 




C, to be economical targets 
because of higher temperatures at shallower depth ranges.  
Recently, a geothermal anomaly has been identified that stretches from East Texas, 
through Northwestern Louisiana, and into Southern Arkansas (Tester et al., 2006). This anomaly 
is associated with higher than normal crustal heat flow (Figure 1) along with an anomalously 
high geothermal gradient that can exceed over 40
o
C/km in places (Carlson and McCulloh, 2005). 
The average Gulf Coast geothermal gradient is 22-26
o
C/km (Jam, 1969). Higher heat flow is 
 
attributed to radiogenic heat production
thermal conductive salt basins of this region
the heat, and drive it closer to the surface increasing the 
and above. These increased gradients seen throughout the North Louis
temperatures of approximately 150
Figure 1: Heat-flow map of the United States
(Modified from Blackwell and Richards, 2004)
 
North Louisiana has some of the oldest hydrocarbon producing fields in the nation. It
has seen a recent re-vitalization in production
2010; Louisiana Department of Natural Resources, 2009
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 in continental crust that sits relatively close to the
. The salt diapirs act as vertical conduits that
temperature gradient near salt struc
iana Salt Basin 
o
C at 4.5 km (Figure 2).  
 with area of gulf coast anomaly outlined in red
. 
 from the Haynesville gas shale (Drilling Info, 










high, with tight-sandstone and shale gas plays driving the boom. 
advancements in drilling technologies
well as deeper, more accurate wireline log 
of the formations, such as cased-
exploration, along with an increased gradient and thick, geopressured sand units, make North 
Louisiana ideal for possible conventional or enhanced geothermal exploration.
Figure 2: Average temperature map of the Gulf South Region at 
Tester et al., 2006). 
 
South Bossier Parish, Louisiana could 
production because it sits within 
largest hydrocarbon producing fields
have produced out of multiple formations
(Owen, 1964; Roberts and Lock, 1988
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Increased exploration has led to 
, such as horizontal drilling and multi-zone comp
measurements assessing the petrophysical properties 
hole logging measurements (Naik, 2005). This increased 
 
4.5 km depth (Modified from 
have all the necessary elements for geothermal 
the area of high heat flow (Figure 1). It also has
 in the state, the Sligo and Elm Grove fields. Both
, (eg. Hosston and Cotton Valley), since the late 1920s 
). New wells are being drilled to depths below 3 km
letions, as 
 





targeting the Haynesville Shale unit as well as the tight, gas bearing sandstones of the Late 
Jurassic Lower Cotton Valley (LCV) formation. Potentially one of these hydrocarbon reservoirs 
could have the necessary petrophysical properties needed for geothermal energy production. 
The main purpose of this study is to first understand the thermal regime of South Bossier 
Parish by using temperature data to determine an average geothermal gradient for the area. Using 
this gradient, a potential reservoir was targeted and assessed as a secondary goal. With the 
necessary petrophysical data being available through the State Oil and Gas Board of Louisiana, 
potential and economic feasibility of conventional or enhanced geothermal production for this 





Geologic Setting and Study Area
Geologic Setting 
The sediments of the Northern Rim of the Gulf of Mexico basin are dominated by 
shallow water deposits of the Mesozoic through the Cenozoic (Martin, 1978), most of which are 
concentrated in the major depositional basins of East Texas, North Louisiana, and C
Mississippi (Figure 3). Figure 4 shows the major stratigraphic units of 
and surrounding areas. 
Figure 3: Map of the North Louisiana Salt bounded on either side by the Sabine Uplift and the 
Monroe Uplift (From Peng 2006).
 
Several uplifts, such as the San Marcos Arch, the Sabine Uplift, the Monroe Uplift, the 
Jackson Dome, and Wiggins Arch, 
separate the basins from one another, and the continental platform
continental crust is the predominant bounding feature to the north.
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the North Louisiana Basin 
 








Figure 4: North Louisiana Salt Basin Stratigraphic Column (Modified from Peng 2006).
 
The Late Triassic rifting and extension of the 
of Mexico was the main driving force for
resulting subsidence and structure (Pilger, 1981; Nunn et al., 1984; Dunbar and Sawyer, 1987).
During the initial stages of rifting,
are terrigenous clastic deposits stratigraphic
the rifting of the Atlantic Ocean on the Northern East Coast
Post-extension subsidence occurred 
the lithosphere during extension 
estimated using seismic refraction data, and range from 2
7 
lithosphere during the opening of the 
 creation of the Northern Gulf Coast, and 
 sub-salt formations, such as the Triassic Eagle Mills, which 
ally equivalent to the Newark Series associated with 
 (Vernon, 1969; Dawso
due to conductive cooling following thinning and heating of 
(Nunn et al., 1984). Continental crust thicknesses have been 









the Northern Gulf of Mexico (Worzel and Watkins, 1973). Thick Jurassic-age salt deposits, 
known as the Louann salt, and the Middle Jurassic Werner Anhydrite represent evaporitic 
deposits common to shallow tidal environments, their presence indicates basin formation took 
place during the earliest stages of formation, and during the initial transgression of marine water 
into the Gulf of Mexico (Peng, 2006). Basement topography was the determining factor of salt 
thickness with salt thins over both the Sabine and Monroe Uplifts, and the thickest units found in 
the North Louisiana Salt Basin. As the transgression continued, marine carbonates of the 
Norphlet and Smackover were deposited during the early stages (Peng, 2006). A general 
shallowing trend is seen in the Upper Jurassic with the deposition of the Haynesville and 
Buckner Formations (Peng, 2006). The Haynesville grades from nonmarine siliciclastic 
sediments in the northern part of the Basin to a dark marine shale in the southern part. The 
Cotton Valley group represents a facies change from coastal sandstone, siltstone, and shale to 
deep marine shelf shale and limestone deposits (Peng, 2006).   Igneous dikes have been 
encountered in various places along the North Gulf Coast. These Jurassic-Triassic age, mafic 
rocks are mostly likely associated with rifting (Byerly, 1991). 
In summary, the evolution of the Gulf of Mexico basin can be characterized by the 
following sequence of major events, (Buffler and Sawyer, 1985); Initial extension during the 
Late Triassic to Middle Jurassic: and formation of transitional crust; Deposition of the Eagle 
Mills and the Lou-Ann salt; cooling and subsidence of the thinned lithosphere caused and 
formation of a carbonate platform to form around the Basin during Late Jurassic and into the 
Early Cretaceous; and Mid-Cretaceous reactivation of  uplifts, such as the Sabine Uplift,and 





This study area is a 1468 km
2
 area that sits on the border of the Sabine Uplift and the 
North Louisiana Salt Basin. This encompasses a five parish region within North Louisiana 
(Caddo, Bossier, Bienville, DeSoto, and Webster).  
 The study area has seen decades of oil and gas exploration, and numerous producing 
fields lie within the area (Figure 5). The main fields of interest to the study are Sligo Field, Elm 
Grove Field, and Casipana, highlighted in Figure 5.  
The Southern Methodist University Geothermal Laboratory headed by Dr. David 
Blackwell has deemed this area, as well as adjacent areas of East Texas and Southern Arkansas, 
of particular interest for future geothermal research (Negraru et al., 2008). Geothermal gradients 
in the area in excess of 40
o
C/km have been measured (Carlson and McCulloh, 2005), and 
bottom-hole temperatures reported in excess of 150 
o
C at depths below 3,000 meters (Figure 6). 
Thick, Jurassic deposits of the Cotton Valley, Haynesville, and Smackover provide an 
ideal target zone for possible geothermal exploration. Existing petrophysical data and well 
infrastructure from the oil and gas industry reduce costs of developing geothermal energy 
production. 
Thick, Jurassic deposits of the Cotton Valley, Haynesville, and Smackover provide an 
ideal target zone for possible geothermal exploration. Existing petrophysical data and well 
infrastructure from the oil and gas industry reduce costs of developing geothermal energy 
production. 
 
Figure 5: Map of North Louisiana and East Texas showing the Sabine Uplift (blue), the North 
Louisiana Salt Basin (pink), the main oil and gas fields (purple) within the study area (outlined in 




et al., 2002). 
 
 
Figure 6: Well maximum temperatures of North America
showing geothermal production temperatures being reached within the study area 












Data and Methods 
 
Wireline logs from 147 wells were used in this study and each log contained a suite of 
spontaneous potential (SP), gamma ray (GR), and deep-resistivity curves (ILD). These logs were 
obtained from the Ark-LA-Tex Log Library in Shreveport, Louisiana, and also through the 
Louisiana Department of Natural Resources website, SONRIS.  128 bottom-hole temperatures 
(BHTs) were obtained from log headers to create a geothermal gradient map for the study area. 
The BHTs were corrected using the Harrison correction (Harrison et al., 1983) to account for 
cooling caused by circulating drilling fluids.  
Tcorrected = Tobserved + (-16.51213476 + 0.01826842109*Z - 2.344936959E-006*Z
2
)                   (1) 
Equation 1 is a non-linear empirical correction based on comparisons of BHTs to temperatures 
from drill-stem tests (DST) from Oklahoma, and is calibrated to a depth of 3 km (Harrison et al., 
1983), where Tobserved is the pre-corrected temperature in degrees Celcius, Z is depth in 
kilometers, and Tfinal  is the final corrected temperature. This equation has been used for 
corrections in the Gulf of Mexico region down to 4 km (Blackwell and Richards, 2004). The 
Horner Plot technique could not be used to correct BHT because multiple logging runs per well 
were not available. An average, linear geothermal gradient for the study area was established 
using corrected BHTs plotted versus depth, fit to a linear trendline in Microsoft Excel. A surface 
temperature of 18.7
o
C was assumed for the study area, which was obtained for Shreveport, 
Louisiana from www.ncdc.noaa.gov. 
Data for ninety-seven wells were loaded into SMT Kingdom Suite 2D/3D Pak software 
using XY data obtained from SONRIS (Figure 7). Not all wells were loaded into the project, 
because XY’s could not be found for some wells. Raster images of ILD and SP logs for each 
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well in the project were obtained from SONRIS and loaded into SMT. Each raster was depth 
registered using SMT to be later used for formation analysis and correlation. Depth registering 
allows each image file to be saved with digital depth information, which allows for picking 
formation tops from log responses and the creation of cross-sections. 
Stratigraphic formation data were obtained for select wells using engineering reports 
from SONRIS. These data were loaded into the respective wells, and matched against both the 
SP and ILD log response.  The formation top data for the perspective reservoir was posted on the 
base map, and contoured to produce a local structure map.  
BHTs were converted from Fahrenheit to Celsius and depths from feet to kilometers. 
Once corrected, BHT data were loaded into respective well locations to be posted over the study 
area. Temperatures were linearly projected to a depth 3.2 km (10,500 ft) using the surface 
temperature of 18.7
o
C and the corrected BHT for each well. Projected temperatures for 3.2 km 
were posted on the base map, and contoured over the study area. 
Regional isopach and structure data were gathered using the 2002 USGS assessment of 
undiscovered, technically recoverable oil and natural gas resources of the Gulf Coast Region 
(USGS.gov Cotton Valley Assessment, 2002). These data were published as shapefiles, which 
are geospatial vector data, and GIS maps, and open to download for public-use from USGS.gov. 
Isopach data focused on the interval from the top of the Cotton Valley formation down to the top 
of Jurassic Smackover formation. Data covered areas from East Texas into Mississippi. Data 
were downloaded as shapefiles and then viewed and edited using ArcMap software provided by 
ESRI.  
 
Figure 7: Base Map of the Study Area from the SMT Project. All 97 wells are posted in red with their
under each borehole. Each Township/Range is 






). The detailed study area is outlined in red, can be referred 
-section A-A’ can also be seen.
 




Thermal Regime  
Corrected bottom-hole temperatures were plotted versus depth to estimate temperature 
gradient in the study area as well as estimate the depth range at which subsurface temperatures 
are between 120-180
o
C. Figure 8 shows 128 uncorrected and corrected BHTs. A linear trend line 
yields a gradient of 35
o
C/km with an R
2
 value of 0.93.  A second order polynomial best-fit line 
also produces an R
2 
value of 0.93. This R
2
 value indicates the data are well represented by either 
a linear trendline or a second order polynomial trend. A 35
o
C/km gradient indicates a depth 
range between 3-4 km for geothermal temperatures between 120-160
o
C. The second order 
polynomial predicts a similar depth range however projected temperatures are slightly higher for the 
second order polynomial as the temperature gradient increases with depth.  For example, at a depth of 3 
km, the linear and second order methods predicted a temperature of 124 and 125
o
C, respectively.  At a 




Figure 9 shows corrected temperatures separated into shallow and deep wells with a cut 
off of 2.6 km depth. This cut off was chosen because there was a natural break between shallow, 
oil wells drilled during the 1960s and 1970s and the deep, gas wells of 2000s to present day. A 
linear trendline was determined for each group. Shallow wells have a 34
o
C/km gradient and deep 
wells a 46
o
C/km gradient. The R
2
 values for the shallow and deep gradients are 0.92 and 0.63 
respectively. The deep group has a lower R
2
 compared to the shallow group, but can still be 
deemed statistically significant due to the noisy nature of BHT data. The two linear trendlines 
intersect at approximately 2.7 km depth. The intersection depth is interpreted as a changed in 
 
Figure 8: BHTs vs. Depth plot for both corrected and uncorrected BHTs. 
order polynomial best-fit line. Dashed line is linear trend line
shown on figure. 
 
thermal conductivity of basin sediments either due to undercompaction or a change in lithology
(Mello and Karner, 1996).  
According to Puckett (2009), within the western part of the North Louisiana Salt Basin, 
geopressure occurs between 2700 m and 3000 m which
formations within the Cotton Valley 
accumulations from basin-centered gas deposits 
are also found in the Anadarko Basin 
16 
Solid line is 
.  Formulas and R
 correspond to the low
Group.  Puckette (2009) attributes geopressure to gas 
below shale seals,  Overpressured gas reservoirs 








Figure 9: Corrected BHTs plotted in groups of shallow wells (
Trendlines were added to each respective group to represent multiple gradients occurring due to 
geopressure. 
  
Figure 10 shows mud weights 
versus depth. The plot shows geostatic ratios that range from 11 to 12.5 kPa/m from 500 m 
2750 m.  Below 2750, geostatic ratios increase to 15 kPa/m or higher.  
gradient is approximately 10.6 kPa/m
densities are usual “overweighted,” 
hydrostatic gradient at shallow depths
geopressure is encountered between 2700 m and 3000 m
17 
blue) and deep wells (red). 
from well logs converted to geostatic ratio and plotted 
 A hydrostatic pressure
 depending on pressure, temperature, and salinity
to prevent well blow outs which accounts for 
.  These data are consistent with Puckette (2009) that 





a higher than 
 
Figure 10: Geostatic Ratio (kPa/m) plotted versus depth (TVD meters)
 
 
Figure 11 shows temperatures
These wells were used, because they all had depth values of approximately 3.2 km and were 
clustered together geographically
posted on the base map next to their respective bor
then digitized in the SMT project to yield the final map seen in figure 





C. Also, additional contours
Variation in BHTs could be because of
18 
. 
 projected down to a depth of 3.2 km for individual wells.
, which allowed for more accurate contouring. 
ehole, and hand contoured. Contours were 
11. The 130
ariation is seen with temperatures ranging from 
 would be poorly constained by the sparse set of wells.







 process, which 
 
have an error of +/-5
o
C (Blackwell and Richards, 2004
gradient during the projection process detailed previously.
difference between the high and the low values, 145
show relatively homogeneous temperatures over the area contoured
represents an area of possible lower temperatures, but lack of well control is not able to confirm 
or refute this.  
Figure 11: 130
o
C isotherm map at 3.2 km using projected BHTs.
are the projected temperatures for the respective borehole at 3.2 km
represents an area of possible lower temperatures.
Reservoir Characteristics 
Temperatures suitable for geothermal energy production
study area. Locally, this puts the 
19 
) or due to variations from a line




C respectively, were assumed to 
. The area shaded in yellow 
 Values posted on the base map 
. The area shaded in yellow 
 
 exist between 3 and 








Jurassic/Lower Triassic Cotton Valley group, which is a shallow to deep marine unit consisting 
of sandstone, shale, and limestone. This reservoir unit is known as the Lower Cotton Valley 
(LCV) sand. Limited new data were available for this reservoir, but previous work will be 
discussed in the next section.  
Using mud densities from the study area as plotted in figure 10, geostatic ratios within 
this reservoir range from 12.8 kPa/m to 17.4 kPa/m.  This signifies a geopressured reservoir, as 
shown previously, and it can be determined that higher geothermal gradients (Figure 9) and 
increased pressures would be encountered within the LCV.  
 The LCV has poor reservoir properties and must be stimulated prior to production. It can 
be easily indentified through SP and resistivity logs responses (Figure 12). The LCV SP response 
shows a kick to the left on the log after a relatively stable SP response section above. This 
represents a homogenous shale lithology above grading into the sand of the LCV. A similar 
response can be seen on the resistivity log with a uniform response above and then a more 
resistive kick to the right. 
In Township/Ranges 17N-11W, 17N-10W, 16N-11W, and 16N-10W of figure 7, wells 
containing the LCV had stratigraphic formation tops picked using the previously mentioned 
rasterized wireline logs. The contoured area for depth to the LCV is shown in Figure 14. This 
area corresponds to the area shown in Figure 11. 
Over this same area, thicknesses for all wells were not available, but for a few wells 
thicknesses of the LCV were calculated using formation top data from engineering reports and 
perforation data from production reports. The difference between the top of LCV and the lower 
perforated zone for production ranged between 6.1 m (20 ft) and 18.2 m (60 ft).   
 
 
Figure 12: SP and ILD wireline log for the Jacobs #1
Parish of figure 7). Both the Cotton Valley and Lower Cotton Valle
picked based on SP and ILD log responses.
21 
-34 (Sec 34, T/R 17N
y formation tops are 
 
 




Figure 13:  Structure Map showing the top of the LCV (Depths are TVDSS in meters). 
Isopachs for the LCV could not be made, because full LCV units were not logged, and 
perforations were not given for most wells. 
The LCV is also a laterally continuous unit that can be easily tracked using wireline log 
data, as seen in cross-section A-A’(Figure 14). Using GIS data from the regional Cotton Valley 
assessment performed by the USGS in 2002, it can be shown that the Cotton Valley has little 
structural/stratigraphic variation. Figure 15 shows a structure map to the top of the Cotton Valley 
sand. Contours are from the 2002 USGS study. Though the structure map is not mapped to the 
top of the LCV reservoir, since these are conformable units similar structures should be seen. 
The main structures are to the north of the study area (Figure 15). These anticlinal features are 
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interpreted to be attributed to salt diapirism with sediments draped off all sides. Predominantly, 
the contours show a general dip southeast, basinward, as expected for a passive-margin setting.
 
Figure 14: Cross-section A-A’ showing the lateral continuity of LCV mapped using the SP and ILD log responses.
Cross-section is within the detailed study area of figure 7.
24 
 
 The location of the 
 
Figure 15: Structure map of the top of the Cotton Valley formation (the study area is outlined by 
the black box) (Contour map generated from interpolated data provided by USGS.gov Cotton 






Within the study area, temperatures at the top of the LCV reservoir, as demonstrated in 
Figure 10, range from 126 to 145
o
C. This is within the range of economic geothermal energy 
generation (120 to 180
o
C) from a dual-fluid binary cycle (Tester et al., 2006). 
The LCV is one of the lower sand units of the Upper Jurassic/Lower Triassic Cotton 
Valley group, which is a shallow to deep marine unit consisting of sandstone, shale, and 
limestone. Regionally, the Cotton Valley group thickens basin-ward forming a sedimentary 
wedge downdip (Bartberger et al., 2002). The top of the Cotton Valley group occurs at a depth of 
approximately 2.4 km. It is comformably underlain by the Haynesville shale, and overlain 
unconformably by the Hosston Formation. 
The Cotton Valley Group is broken up into three distinct formations: Bossier, Schuler, 
and Knowles (Figure 16) (Bartberger et al., 2002). The Bossier Shale is the basal unit that 
represents marine shale with some interbedded, sandstone turbidites, which can be gas-bearing. 
The Bossier Shale grades into the interbedded sandstone-shale units of the Schuler, or its 
stratigraphic equivalent unit the Terryville Massive sandstone. In Northern Louisiana, this 
represents a shallow marine, barrier-island complex (Bartberger et al., 2002). After sand-
deposition was interrupted, deposition of the Knowles Limestone began. The Knowles represents 
the top of the Cotton Valley Group. 
 
Figure 16:  Cotton Valley stratigraphic diagram (modified from Bart
 
Within the study area, the Terryville is the dominant reservoir. Low porosity and low 
permeability make oil and gas production of
fracture stimulation 
 The LCV reservoir, which is the 
exhibits some of the key factors necessary
continunity and little associated structure.
LCV range in the study area from 
27 
berger 
 this sandstone only economic through hydr
lowest producing sand within the Terryville complex,
 for economic production, namely reservoir 
 As previously mentioned, reservoir thicknesses
6.1 m to 18.2 m. Variation in reservoir thickness does not 
 
et al., 2002). 
aulic 
 
 for the 
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seem to have a regional pattern, but is merely a product of local depositional environment and 
can vary slightly from well to well.  
Though these reservoir thicknesses may not be large, lateral continuity of the sand allows 
the reservoirs to be ample in size. For the most part, hydrocarbon reservoirs in this unit are 
limited in size by the hydraulic fractures, and not necessarily structure (Huffman personal 
communication, 2010). Little faulting exists, and is usually associated with near-by salt domes. 
Within the study area, no faulting is observed in log cross-sections (Figure 15). Seismic data, 
which was not available for this study, would be required to confirm the absence of faulting. 
Reservoir size would dramatically increase by interconnected hydrofractures, but in order for a 
geothermal prospect to be economic with a binary-cycle plant, bulk reservoir volumes must be at 
least 1.05 km
3
 for a one well site (Griggs, 2004). If an average LCV sand thickness of 12.2 m (40 
ft) is assumed to be completely saturated with water, the interconnected fractures would have to 




), which is a little smaller than one complete 
Township/Range (36 mi
2
), for a one well site to be economic. This would mean in order to reach 
the bulk reservoir volume more than one well would have to be drilled, and fractures 
interconnected. 
The main drawbacks of the LCV as a geothermal reservoir are low permeability and low 
porosity. In the Elm Grove field, average permeability is 1 mD and porosity is 8%, according to 
Bartbeger et al (2002). These numbers are well below an ideal production zone for geothermal. 
Permeabilities for economic geothermal production are at least 20 mD (Bebout, 1977). In all 
cases for LCV wells, stimulation by hydraulic fracturing must take place in order to produce the 
well which drives up the price of the well. Another concern for the LCV as a conventional 
geothermal reservoir is the lack of water within the formation. Initial production of water from a 
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well typically has 50 to 100 barrels of water produced per day, and drops to 1 to 5 barrels of 
water per day (Newsham and Rushing, 2002). It is believed that there is little to no water in the 
reservoir due to the low porosity (Newsham and Rushing, 2002). It should be noted that all data 
available is from the oil and gas industry, and water data could be biased because water is not of 
interest. More research needs to be done in order to fully understand the hydrology of this 
reservoir, but for the purpose of this study all data suggest little producible water. Most initial 
production of water is attributed to stimulation fluids used in the fracturing process (Newsham 
and Rushing, 2002). Thus producing formation waters would not be feasible. This could leave 
the possibility for an EGS project instead of a conventional geothermal operation. This would 
mean that porosity could be enhanced by hydraulic fracturing, and fluids, such as water, pumped 
in to create an artificial reservoir. This could provide the necessary fluids to run a smaller scale 
EGS operation, such as residential or small commercial power or heat generation. Ultimately the 
high cost of drilling a pair of wells, injection and production, coupled with the cost of fracturing, 
and artificially creating a reservoir would prove uneconomic at this time for both small and large 
scale purposes. 
Utilizing the reservoir for Carbon Dioxide (CO2) sequestration is another possibility. 
With increased CO2 levels in the atmosphere, scientists are developing new ways to lessen the 
amount of CO2 released to the atmosphere. CO2 sequestration would take produced CO2, and 
inject it into a storage reservoir (Brown, 2000). This would allow for massive amounts of carbon 
to be stored with minimal environmental effects. In a study done by Los Alamos Laboratory, a 
Hot Dry Rock geothermal project was studied extensively to understand geothermal energy and 
how it can be utilized (Brown, 2000). In the later parts of the study, which took place from 1974 
to 1995, there was success using supercritical CO2 (SCCO2) as its source of energy from the 
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reservoir (Brown, 2000). SCCO2 was injected into the reservoir, and pressure and temperature 
were allowed to build up. The gas was then produced and run through a Rankine cycle of a 
binary-cycle power plant (Brown, 2000). This is the same process used for formation waters. 
CO2 would superheat a secondary fluid within a heat exchanger, such as isobutene, that would 
provide the steam to drive turbines. SCCO2 has similar thermal properties to water when used for 
heat mining or geothermal purposes. It has approximately two-fifths the heat capacity of water, 
but is 40% less viscous (Brown, 2000). Net power production between water and SCCO2 are 
approximately the same (Brown, 2000). Using SCCO2 in the LCV reservoir, or a lower potential 
reservoir, could prove economic if coupled with a sequestration project by potentially cutting 
costs and adding interest from other groups.  
Another possible source of energy, rather than formation water production, would be the 
possibility of extracting heat from methane gas. The average daily production chart for the 
Montgomery 25 #1-Alt, located in section 25 of Township/Range 17N-11W of figure 7, shows 
that production never dropped below 300 MCF/day through the life of the well, which is still 
producing (Figure 17). The main constituent of LCV natural gas is assumed to be methane, but 
geochemistry reports were not found. It also shows a significant production increase beginning in 
October of 2006, when the well was re-fractured. If flow rates of methane were to be comparable 
to water rates for geothermal production, methane could be used for energy generation using a 
Rankine cycle (White, personal communication, 2010).  
Other, deeper reservoir targets within the study area and in the northern part of the parish 
are possible. The Jurassic-age Smackover formation is a prolific hydrocarbon producing 
formation throughout the Gulf Coast (IHS Enerdeq, 2010). It is stratigraphically situated between 





Figure 17: Production chart for the Montgomery 25 #1-Alt (Acquired from DrillingInfo.com). 
 
It is in the temperature range for geothermal production, and the Smackover has been produced 
in both the Sligo and Elm Grove fields, though sparsely as gathered from well reports (IHS 
Enerdeq, 2010). The Smackover is a carbonate reservoir, but in the northern part of the parish, 
the top of the Smackover is characterized by six channel sands of limited lateral and vertical 
extent, known as the Gray Sand (Atwell et al., 2008). These sands could provide the necessary 
reservoir properties for successful geothermal energy production. In Southern Arkansas, the 
bromine-rich waters of the Smackover have been tested as a possible source of geothermal 
energy (Roy et al., 1980). Well-head temperatures have been recorded at 100
o
C from depths of 
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approximately 2000 m (Roy et al., 1980), but no other data are available. Bromine is mined 
commercially from Smackover formation waters in both Southern Arkansas and Northeast 
Louisiana (Personal communication, White and Hanor, 2010). Bromine extraction coupled with 
energy generation from Smackover brines, could be economic (Personal communication, White, 
2010). 
 Other possible reservoirs include the Norphlet formation which sits conformably on the 
LouAnn Salt deposit. Not much activity has occurred in this particular reservoir within the study 
area, but Norphlet was penetrated in the Union Production #1 Section 13 Well located in Section 
13 of Township/Range 17N-12W of the study area in figure 7. Production data and well log 
information could not be obtained for this well. This was not the target reservoir for this 
particular well. The Norphlet is a relatively thin, poorly to moderately sorted sandstone with 
thicknesses of no more than 30 m in the North Louisiana Salt Basin (Newkirk, 1971). The Eagle 
Mills formation is a sub LouAnn salt Triassic-aged continental redbed deposit (Vernon, 1969). 
Only a few wells have penetrated the Eagle Mills, and little is known about it. The updip limit is 
south of the Ouachita orgenic belt in south Arkansas, and the lower downdip limits are still not 
exactly known (Vernon, 1969; Dawson, 1995). The Eagle Mills is known to have been deposited 
in the North Louisiana Salt Basin and the Sabine Uplift, but most wells that encountered the 
formation are in Southern Arkansas and East Texas (Vernon, 1969). Igneous intrusions are 
common in the formation, and Eagle Mills thicknesses up to 2,134 m (7000 ft) have been 
recorded in Hempstead County, Arkansas (Vernon, 1969). Porosities of up to 20% (Dawson, 
1995) have been encountered, but little has been done in terms of research and exploration due to 




 Corrected BHTs for South Bossier Parish are consistent with a geothermal gradient of 
35
o
C/km which is higher than the average Gulf Coast geothermal gradient of 22-26
o
C/km. 
Formation temperatures reach the appropriate range for geothermal energy production of 120-
180
o
C at an economical depth of approximately 3.2 km.  
 The Lower Cotton Valley sand is of particular interest for both conventional geothermal 
and enhanced geothermal production in the area because the ideal temperatures between 120-
180
o
C, and the interest as a hydrocarbon play from the oil and gas community which could 
reduce costs. Lateral and vertical continuity, allow for possible geothermal production in the 
future. However, the porosity of 8% and permeability of 1 mD do not allow for conventional 
geothermal production at this time due to limited presence of water in the pores and low flow 
rates. With future investigation into supercritical CO2 sequestration and methane production, the 
Lower Cotton Valley formation could prove economic for EGS. Well data do not indicate the 
presence of faults or structure that would limit reservoir continuity, but seismic data that 
delineates the structures and continuity of the LCV reservoir, and as well as delineate the size of 
deeper reservoirs, such as the Norphlet and Smackover, were not available for this study. 
 North of the study area in the North Louisiana Salt Basin and Southern Arkansas, sub-salt 
plays, such as the Eagle Mills, could prove economic for geothermal production with better 
drilling technology and lower costs, because of higher porosities and large reservoir volumes. At 
this time both conventional and enhanced geothermal production is not sustainable for the South 
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Appendix: Wells Used in This Study 








Latitude  Longitude 
Lucky #1 21 17N 12W 4550 1387 63.9 68.2 32.45317441 -93.59672965 
USA #12 30 18N 11W 4600 1402 63.3 67.8 32.52011154 -93.64460185 
Muslow #1 30 17N 11W 8747 2666 98.9 114.4 32.43086855 -93.53329233 
USA #37 11 17N 12W 8568 2612 87.8 103.0 Not on file   
Alford #1 4 17N 11W 9997 3047 104.4 121.8 32.49535807 -93.50573484 
Skannal #1 27 17N 12W 9248 2819 97.2 113.5 32.43136855 -93.58279143 
U.S.A. #12 34 18N 12W 8358 2548 92.2 107.0 32.50196708 -93.59689392 
USA #8-5 26 18N 12W 8468 2581 87.8 102.8 Not on file   
USA #7 3 17N 12W 8502 2591 86.1 101.2 32.49036643 -93.58279291 
USA #1 30 18N 11W 8749 2667 92.8 108.3 32.51606585 -93.54499267 
USA #17 6 17N 11W 7901 2408 81.7 95.6 32.49376788 -93.53959165 
USA #15 7 17N 11W 8452 2576 87.2 102.2 32.47999572 -93.53934498 
#1 Section 20 Unit 20 17N 11W 8212 2503 87.8 102.3 32.44976837 -93.52249225 
Swiney Unit #1 32 18N 11W 8497 2590 88.3 103.4 32.49816688 -93.51829225 
Kerr Unit #B-1 24 17N 12W 8490 2588 98.9 114.0 32.44266888 -93.54819058 
#A-1 Unit Section 
14 
14 17N 12W 8467 2581 100 115.0 32.46436903 -93.56569091 
#1 Section 17 Unit  17 17N 11W 8300 2530 85.6 100.3 32.46456909 -93.52269264 
AEC USA #37 1 17N 12W 8503 2592 93.3 108.4 Not on file   
USA B #6 25 18N 12W 8768 2672 99.4 115.0 32.51609964 -93.55360644 
Welch #1 16 17N 12W 8905 2714 95.6 111.4 32.4572614 -93.59775108 
USA #16 35 18N 12W 8550 2606 98.3 113.5 32.5013564 -93.56738842 
USA #19 31 18N 11W 8609 2624 96.1 111.4 32.50857061 -93.53646988 
Murff #1; LCV RA 
SUE 
19 17N 11W 9490 2893 107.8 124.5 32.44940505 -93.53450575 
USA Parcel 3 #41-2 2 17N 12W 4934 1504 62.8 68.5 Not on file   
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#1 Section 18 Unit 18 17N 11W 8213 2503 87.2 101.7 32.46416775 -93.53939288 
#1 Section 13 13 17N 12W 10257 3126 92.2 109.9 32.46186782 -93.55139253 
Swinney #1 5 17N 11W 8854 2699 87.8 103.5 32.48716791 -93.51359094 
#1 Section 18 Unit  18 17N 11W 8206 2501 87.2 101.7 32.46415142 -93.53937754 
#1 Section 19 Unit 19 17N 11W 8366 2550 88.9 103.7 32.44955126 -93.53477768 
#1 Swinney 5 17N 11W 8854 2699 87.8 103.5 32.48715162 -93.51357565 
#1 Stinson Unit 5 17N 11W 8200 2499 95 109.5 32.49325195 -93.52657423 
#1 Alford 4 17N 11W 9035 2754 87.8 103.8 32.49515166 -93.5015756 
#1 Sec. 13 Unit 13 17N 12W 10257 3126 92.2 109.9 32.46185151 -93.55137711 
Joe Mims #2-Alt 32 17N 11W 8194 2498 97.8 112.3 32.42250369 -93.51787689 
Joe Mims #2-Alt 32 17N 11W 8194 2498 97.8 112.3 32.42250369 -93.51787689 
Joe Mims #1-Alt 32 17N 11W 9445 2879 105 121.6 32.42270583 -93.51769115 
Mims Estate #4-Alt 32 17N 11W 8225 2507 97.8 112.3 32.41751171 -93.51304163 
Roos #2 32 17N 11W 9626 2934 110 126.9 32.41435313 -93.51617613 
Smith Heirs #1-Alt 32 17N 11W 9706 2958 105 122.0 32.42065871 -93.52207276 
Mims Estate #1-Alt 32 17N 11W 9696 2955 111.1 128.1 32.42068643 -93.5127201 
Mims Estate #3-Alt 32 17N 11W 8219 2505 98.3 112.8 32.42032706 -93.51366894 
Roos #4-Alt 32 17N 11W 9637 2937 103.9 120.8 32.41271347 -93.52323532 
Roos #2 33 17N 11W 9609 2929 101.7 118.6 32.41375808 -93.50696313 
Roach 36 #1 36 17N 11W 10216 3114 114.4 132.0 32.41793422 -93.45166727 
Thigpen 13-1 13 17N 12W 8315 2534 101.7 116.4 32.45656268 -93.54904717 
Thigpen 13-1 13 17N 12W 9250 2819 101.7 118.0 32.45656268 -93.54904717 
Gauthier 29 #1 29 17N 10W 10181 3103 118.3 135.9 32.42805532 -93.42093334 
Martin Timber #2 29 17N 11W 8972 2735 105.6 121.5 Not on file   
Martin Timber #2 29 17N 11W 8972 2735 105.6 121.5 Not on file   
#1 Mims et al 31 17N 11W 9559 2914 93.3 110.1 32.41285241 -93.53227795 
Rowell 31 #1-Alt 31 17N 11W 9730 2966 106.1 123.1 Not on file   
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Rowell 31 #1-Alt 31 17N 11W 9739 2968 106.1 123.1 Not on file   
State Lease #12847 
A-1 
28 18N 14W 6990 2131 88.3 100.1 32.51661159 -93.80005199 
#1-Alt Hearne 32 18N 16W 9621 2932 105.6 122.5 32.50473047 -94.02075489 
State Lease 13338 
#1 
28 18N 14W 9672 2948 77.2 94.2 Not on file   
Woolworth #1 25 18N 15W 10002 3049 101.7 119.1 32.52037356 -93.85266161 
Pennzoil #24 USA 34 18N 12W 6780 2067 93.3 104.5 Not on file   
U.S.A #B-5 26 18N 12W 8456 2577 87.8 102.8 32.51614932 -93.58677629 
USA B #6 25 18N 12W 8784 2677 99.4 115.0 32.51608336 -93.5535907 
USA #19 31 18N 11W 8609 2624 96.1 111.4 32.50855436 -93.53645429 
USA #19-Alt 31 18N 11W 9537 2907 109.4 126.2 32.50855436 -93.53645429 
#1 Skannal 27 17N 12W 9248 2819 97.2 113.5 32.43135222 -93.58277594 
Ridgewood Farms, 
Inc. No. 1 
27 16N 13W 9880 3011 111.7 128.9 32.34835333 -93.68928161 
Jacobs #1-34 34 17N 11W 10298 3139 108.9 126.6 32.41594545 -93.48341466 
Miciotto 10 #1 40 16N 12W 10325 3147 121.1 138.9 Not on file   
Morris 33 #1 33 17N 11W 10416 3175 112.8 130.6 32.41826648 -93.5027315 
James Mercer 
1041? 
10 16N 12W 9536 2907 106.1 122.9 32.38234375 -93.58780997 
CV RA SU130; 
Sanders 17-2 
17 16N 12W 9586 2922 113.9 130.7 Not on file   
Heron ET AL 29 #1 29 17N 10W 10294 3138 122.2 139.9 Not on file   
Jones 25 No.1 25 17N 11W 10082 3073 92.2 109.7 Not on file   
SL 16035 8 No.1 8 16N 12W 10383 3165 113.3 131.1 Not on file   
Holcomb 30 No.1-
Alt. 
30 17N 10W 10856 3309 114.4 132.7 32.4325007 -93.43861003 
Kenner 29 #1-Alt 29 17N 10W 10582 3225 122.2 140.2 Not on file   
LCV RA SU MM; 
Mercer 9 #3 
9 16N 12W 10296 3138 112.2 129.9 Not on file   
Mercer "17" #2 17 16N 12W 10312 3143 109.4 127.1 Not on file   
Hooper 31 #1 31 17N 10W 10390 3167 110.6 128.4 32.4206491 -93.43204317 
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Adam 36-1 36 17N 11W 10106 3080 120 137.5 Not on file   
Jones 26-2 26 17N 11W 10576 3224 117.2 135.2 32.42986142 -93.46522189 
Roach 36 #1 36 17N 11W 10224 3116 114.4 132.0 32.41793422 -93.45166727 
Snyder 35-2 35 17N 11W 10277 3132 115 132.7 32.41883421 -93.47015202 
LMA Land 9 #1 
Alt. 
9 16N 12W 10412 3174 116.1 133.9 Not on file   
LCV RA SU 56; 
Johnson 31-1 
31 17N 10W 10178 3102 121.1 138.7 32.41595098 -93.43847358 
CV RA SU125; 
Montgomery 25 #1 
Alt. 
25 17N 11W 10610 3234 127.8 145.8 32.42985344 -93.44682195 
Linam Properties 26 
#1 
26 16N 13W 10423 3177 104.4 122.3 Not on file   
Hoss RA SU 
108/LCV RA 
SULL; SL 16035 #2 
8 16N 12W 10649 3246 121.7 139.8 Not on file   
Libke 36-1 36 17N 11W 10241 3121 110 127.7 32.41802123 -93.44624647 
LCV RA SU MM; 
Miciotto 9 No.2 
9 16N 12W 10297 3139 110 127.7 Not on file   
Fitzgerald 8 No. 1 
Alt 
8 16N 11W 8139 2481 96.7 111.1 Not on file   
J. Tooke 35-1 Alt 35 17N 11W 10096 3077 113.9 131.4 32.41290561 -93.46170625 
W. Mercer 10 No. 2 10 16N 12W 10124 3086 115.6 133.1 32.38598833 -93.58378708 
Roos No. 9 LCV 
RA SUV 
32 17N 11W 11233 3424 136.1 154.6 Not on file   
USA #20 30 18N 11W 10330 3149 112.8 130.6 32.51764971 -93.54459293 
USA #21 25 18N 12W 5687 1733 60 68.1 32.52413222 -93.5541892 
WK Cupples 10H-1 10 15N 12W 10359 3157 110 127.8 32.30998926 -93.57808931 
CV RA S95; Cohort 
Energy ETAL 22 
No1 AL 
22 16N 13W 12253 3735 148.9 167.9 32.36025522 -93.69057223 
WK Cupples 10H-1 10 15N 12W 10359 3157 110 127.8 32.30998926 -93.57808931 
Murff No. 1; LCV 
RA SUE  
19 17N 11W 9502 2896 107.8 124.5 32.44938865 -93.53449057 
Murff No. 1; LCV 
RA SUE 
19 17N 11W 9502 2896 107.8 124.5 32.44938865 -93.53449057 
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USA #B-5 26 18N 12W 8467 2581 87.8 102.8 32.51614932 -93.58677629 
USA #B-5 26 18N 12W 6790 2070 73.3 84.5 32.51617173 -93.58023626 
USA B-3-D 25 18N 12W 5440 1658 65 72.3 32.51334978 -93.55907753 
USA B-4 26 18N 12W 4678 1426 54.4 59.2 32.51624927 -93.58827629 
USA B-4 26 18N 12W 4678 1426 54.4 59.2 32.51624927 -93.58827629 
USA NO.6 10 17N 12W 5395 1644 63.9 71.1 32.47875073 -93.57947854 
SECTION 30-UNIT 
#A-1 
30 17N 11W 6715 2047 71.1 82.2 32.43355338 -93.53337572 
USA NO. 6 10 17N 12W 5395 1644 63.9 71.1 32.47875073 -93.57947854 
USA #44 31 17N 12W 5340 1628 68.3 75.3 Not on file   
USA #44 31 17N 12W 5375 1638 64.4 71.5 Not on file   
SECTION 17 UNIT 
A-1 
17 17N 11W 6817 2078 78.9 90.2 32.46445292 -93.52037427 
USA #36* 10 17N 12W 6612 2015 77.8 88.6 32.4793524 -93.59117624 
H.L. SKANNAL 22 17N 12W 5488 1673 75.6 83.1 32.45195184 -93.58247714 
W.H. WERNER 
#C-2 
8 17N 11W 6897 2102 81.1 92.6 32.47705214 -93.5263771 
CHATMAN #1 18 17N 11W 6401 1951 77.8 88.0 32.45925197 -93.53747736 
MURFF HEIRS #1 21 17N 11W 7888 2404 90.6 104.5 32.4474509 -93.50657675 
SECTION 23 UNIT 
#2 
23 17N 12W 6535 1992 77.2 87.8 32.44985079 -93.56557532 
SKANNAL A-1 13 17N 12W 3140 957 72.8 71.6 32.45735225 -93.55697665 
MURF C-3 17 17N 11W 3175 968 44.4 43.4 32.45905123 -93.52487605 
EDWARDS 
ESTATE #2 
5 17N 11W 4410 1344 56.1 59.9 32.48735122 -93.52577537 
U.S.A PARCEL 
#12 
1 17N 12W 3203 976 52.2 51.3 32.48765023 -93.55357597 
USA #18 12 17N 12W 3181 970 51.1 50.1 32.47635233 -93.55127706 
USA PARCEL #13 3 17N 12W 3300 1006 51.1 50.6 32.48845223 -93.58747675 
USA PARCEL #16 3 17N 12W 3306 1008 52.8 52.3 32.49495219 -93.57947749 
USA #26 10 17N 12W 2204 672 46.7 41.4 Not on file   




U.S.A. #34 11 17N 12W 3234 986 47.8 47.0 32.4765185 -93.56177262 
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for all four years of college, while studying geology and being an ambassador. While in 
Shreveport, Adam had the opportunity to intern with Delta-T Geophysical Consulting, Inc. It was 
during this internship, Adam’s love for geophysics and petroleum exploration flourished. After 
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